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ABSTRACT : 

PROBLEM TO BE SOLVED: To reduce C-B capacitance and at 
the same time enable 

high-current density operation by forming a single-crystal 
film of a second 

conductivity type on a single-crystal film of a first 
conductivity type with a 

second concentration and using the single-crystal film of 
the second 

conductivity type as a base. 

SOLUTION: An opening 101 is formed in a part of the 
region in p+-type 

polycrystalline silicon 11 for base electrode and a n-type 
single -crystal 

silicon- germanium layer 13 for collector with a second 
concentration is formed 



on a n-type epitaxial silicon layer 4 and a n-type 
single -crystal 

silicon-germanium layer 7 with a first concentration in the 
opening 101. A 

region 14, comprising a single-crystal silicon-germanium 
alloy base and a 

single-crystal silicon film located thereon, is formed on 
the single-crystal 

silicon-germanium layer 13 . As a result C-B capacitance 
can be reduced, and at 

the same time high-current density operation becomes 
possible . 
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[0036] Z.tlt,<7)is>)aymMl o. 

x«sfflp + M#^vy3yi ui. isv?>wm 10 

12 (£5^1 5 0 0*y^Xho-A) KioTS 

sg$*vo>s. ^-xmsiffl P *mz&£,ss\) nyl 1 

<9rtS5<9-g&fK«fc:tt. y'J n^IMJi 1 OfcBlP 1 0 
[0 0 37] ZOWIDI 0 2rtgP^n S^Xt:^>' 

^yayi4. ssyayttftRe, a^nifjg 

B B B ^y 3>I3 2<7)±tC«. nf3l/? fimWti&i'V 

(=\-^) 34«. psansa^ua^* 20 

3 5^LT, ^ISfflp'l^y'Jayi 1 
[0038] ^-X^gOJiJi. fflSSi: LT y 3 

mz. xs^rngja^lfeFB^yny ism. xs 

i-?Tx* y^«3 6*^^ilTV^&„ Clft^c^ 
BB«. i' , )3>Mim2 0iz£-?XWm2tlT^&. x 
5 y^WBIMPttii^U 3 V. ^-XSffiffl^JgS^y 30 

Btf&ti. &h.609HEII32, xS^JBT/PSx^A 
^®S2 1 - a . 'v-Xffl 5 ->> A^mg 2 1 

[0039] OT. JJELfc#3*#SI§<0iWK -t%h 

%^%miMxniz^x&xn<vmiwmm^%w 
bnm&smti . a 2 ts-r j: 5 ( 1 0 0 > ms, 

Sxynys«i&fflv^. *-fv-yaya«<^iB^ 40 

mzn*mm#>^m2mp*wm&frm3i:Bm- 
a. *<ntim±. isv?>mm±iz, jIsocvds 

[0040] ^vay&mu. aiooo^y^xh 

O-A (30003r^XhU-A^^>7000^y^ 
Xho-A?)ff$#5gLTi>>K mx-\f5000*V? 

®. MftoythOvryy H-nmizX-iX. ^ya 
ymMhkzyitYWJxv (ESHirf) Sr^-xy 50 
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raw . ^ffio^ynyit^Kj^wti^fe-rs. 
[ o 04 1 ] mmim&mB&m^xy * ywjx 

h £Rfc£ &(c ? * h y v ^5 7 * --igtWfiL 

iwjWftftt^y 3>e^jgi3Prta^^y nvi 

«^ffl2r 2 0 0 y^X hu-A~5 0 O^y^X 
-AlWttfcft . ^y&AizJz *) j/'J r? yg 

V3>mmi%zm%\.i%&iz&\,*mtft>&. ± 
tz. j*y&x-ttttm>com.tix&, mm^m<r> 
fmauttf. i x i oi9 c m-ttettth&mmikx 

*»K x^;K-70keV, 5xiO'«cm"«i)B^ 
tz (&A3:ttfc LT»±. 0Hi.fcf. x*K-50keV 
~120keVT\ K-X45X 10 15 ~2X1 0 16 c 

[0042] mzi *ym.2titzm<7>mm®&. mm 
ovSttft. AtmutMOite., loo ox:~i i 5 o 
rcoas-c^-ts (cii-ett. hoot:. 2usis. 

msmS&crmm* L1z ) . UTn*I§« 

ibj^m2tm^tii>. sooo^y^xt-n-AW 
y n >mmz h f^cosst-^tbj^l . mttJ: 
sioo o*y?x h o-AJS^vy 3 yBMUR ( 5 o 

O^y^X bn-A~2 5 0 o^-y^xbo-AcoJf £ 
><7)j*yi£K (50KeV, lX10"cm- ! )> 

! jx h<m%. im&vmm ( i o o ox:, i ma. 
mmmm*) ttft^y^xhs^-mp+ZM 

[0043] mzis y a ymm£±mfe£ L^t. 

tBfcth. fm&&i*. 9 5 ox:~i o 5 ox:*qiS 

•CfcyJKfi^XJi. S i H 4 j£*:«S i H 2 C 1 zSrfflV^ 
I. K-try^XtLtPHaSrfflW 5X10 15 ~ 
5xl0i 6 cm-3<o^tifi«> ( = y» Sr^WL. 
0. 3/zm~l. 3umtm%X'bh. ZZXit. 2x 
1 O'ecm-sOTfiOiSJS^SS* 5 . #J0. 7 umXh-> 
tz. ZcomtzLX. &#>&*m±lz. n-fy'jnyx 
tf^#^;kS4Sr}g)i&tl». 
[0044] <X{C^i^StO^<7)D3Xig'ftJ85 S-Jg 
i-rxbr^^^^«4^st2 0 0^y^ 
Xha-A-5 0 0^-y^Xho-Ac^!!g!^ (B^ 
ZB&U ^)^ymm (W^rf) ?r«$7 

o o *y h n-A~ 1500 *yyx v u-jjm. 
-tz>. B\$m$y*\-vv?7y<<iz£r>xy*h}<>i; 
xh (WfiHtr ) ^^--y^LT. Yy4^v&y 

?izx ymmvis y 3 yit<uii£Bfefc-r 
yfLxmmm-z. mom (=^^y^-t&-> 
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msummx-hh. 

[0045] ?*vv'jxizm&. m^mmi. * 
y n >mmz i "9«a$^«®-c«flrrs £ t izx 

K5#Jgj£$fi.6. naxWtfm*. ft^xh-/ 

if 3 o o o*y/xho-A-i ooo o*y?x ha 

-AT&S. CirTii. ^8 0 0 0*>-^ho-A-C 

[0 0 4 6] M®(D7*hVVyyy<<-X' 
7*M^Xf£vx?*tt:l/t, J«>tt1*5-f x>y 

m^mmeo^v^ymim. xw^^^ija^i 

4 . ifi^y^y-f^tlX, ffiU 1 0 1 ;WBj££;h.6 „ 

[0047] K^t-rs. isv^ycrffiftms. 
te^MmmfftttLx^z. zzm. up io 20 
1 cmm^m 0 o^r^x hn-A^y 3>iHfcK 

t Lfc. HP 1 0 1 coSffitc 

^Uft4KflJbwe&s*L&. ii-p. WPi 0 1 
<rm&izi&fczixhisvaymmr>mz\t. mr>xm 
x-m&th niy y ay&3 3 oust fms&mz t 
%->x^h3&imtz>. 

[0048] Xm*94 ■ *-y*y?££ 

•Jt. ^PlOl^Wc&S^'jnyK^Sr^fc: 

[0049] |3J#MU, n'Sy'j3y<0 

SiR^BliJS^eiBfcovvtiWH-S . j&g&fr fc t 

Ti±. LPCVDgL #XV-XMBEm%t'h*imT 
$>htf. ZZTte. S8E2flS!*SvffiJfcg<Ul tra High 
Vacuun-Chenical Vapor Deposition: UHV-CVD)S 

[0050] zco&mrncommii. *#Di#a9$*# 

"CfeSHdL H. Sugiyama et al., "A 1.3-jk* operat 
ion Si -based planar P-I-N photodiode with Ge ahsor 40 
ption layer using strain-relaxing selective epitax 
ial growth technology", Extended abstract of the 
1998 International Conference on Solid State Devic 
es and Materials, Hiroshima, 1998, pp. 384-385. t 
l*L<£*6*LTV*. 

[00 5 1]*«i&g6 0 5iC. Si 2 H65![ft3scc 
m, ClrSlO. 0 3 s ccm*i^fN7)— 

t%z>$&t't&. z.<msk, mnio wmz, n* 50 
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smites d 3 y§!3 lm&zuh. 

[0052] HT. 04£#!SLT. nMisVaycm 

wmiki&g&>fmiz^xmi'?&. zzxi&\zm 
vnv-cvDmzMbixmtt «ga«6 

0 51C. S i!H6ai3sccm, C l2g£R0. 0 3 
sccm2rfflv^{iHt-C*)S. ££*U 'JyOiftg 
#\ »lxl0 18 cm-3i:^^moPH3<OSai:-r 

fctf9Siil/Cd*fc»RU nfflS/U3>«3 2-afc 
8»vC» 05tc5rt«J:dfc. i/yayoflsSttM 

3 2fc=5:£. 

[00 53] iRt. 06£#«SLt\ ^-X. x*>y? 

*^is§itsiapfc^ y 3 ymMmmzmfoLtz®. 
mtz^xm^h. -rms&Ttf hitmzn*w 

Wzz/V3ym3 2e>mmt:'j?imkt&. <kob$. o 
^xwt^mim<omm^ y ^ymttmummmo 
mmmm-t. &tz$mt. ^)^ymmi o-c 

Wd. Zwm-k LTii. 5 0 0*yfAba-A~~3 
ooo*y?xbv-J*im%Tt> t ). ZZTti. 13 
0 0$y7xha-&X'i>ifz. ZcoisVaymtt&l 
0£»i, mmcoyirhVV^y ^-iz^-oxyithu 
Vxynw-y (H^rf) £jgj£U z\<r>y*vv 
itxhZ-vxttttLx. 4*ymMiz*ixau7 
?mitiLm.mzvy*Y-Tth. 

[0054] tth*>, y y*W&x.*)i>*?- 1 0 0 K 
eV, F-X15X1 0 15 cm-2<r^ffT-fJt-yaEA-r 

7*n/i/'xh^ aA?fi^yy«?s«Mk& 
5^g^#gam+T7>T»(cJ:sma?i»j!!yi 

(Rapid Theraal Annealing: RTAtm>-?&. PXtiZX 

*) i, y 3 i o o #mi&ZtL& . 

[0055] ifcfc. «ffifl:^»n1lS*(LPCVD)ft 
fcJ:oTiiaSteKy^y3yfr*tSfts < ^'J^'J3> 
omZbLXit. 1 5 00^y^Xho-A~3 5 00 

*yyxhu-A.im%x-h*). «rc:-cii2 5 0 0^ 
yxVu-AX-b-olz. .rcotfy ^Oayizit. #vy 
ZJty&Xtl . i£Ax*;Mf-li. dfy ^y 3^=& 
??^fe<t^V>g«fcfiVvi:*;^-T'J)'?. H-XJBi 
^MMUU^l x 1 02» cm-3 t^SSStcaiaKtc 
*£h£mthh. idTli. lOKeV, 1X10 16 C 

tl H 7-f x ^ f-y^fcri O^qpSrsIf y is y 3 y ^i^s-r 

c^stLTp + a / <.-xmffiffl^y^y3yi 1 

d^tcO^M^l 500^>^AbQ 
-A<o)M5^LPCVDatJ:Svy3ygfl^i 2T 

mm?&. m%<oy* hvvr?y 4-kmj}&\<54 

x 7 ffcJ:ot > ^y3ygfl^gi2k. ^-XWB 
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1 5 

Xh£Rfcfrt£. LPCVDSt^U3yl«8 
fl^K^Xy^-yTmrJ^T. iff 

C 0 0 5 6 ] mz. 07 £#88 LT. ^-x^jfcttiratf) 
v-UnylKtMl O^fitfrlfeJ^Vt yf-yi/S-fr. n ffl 

y« 3 2&t*. ^-xmgjfltf y^y^yi i oTffis- io 

Saj$*tgilg<Oi68BfffiHT*S. ^ynygHUBlO 
«0Sfctf|fip\^x>/ f-i/Wzi. O^-xmffiffltfy U a 

#4»)i>. 4>&<ki£<&oT^£&g*<;fc2>. 
«k d fc^£5£tf>fc3lEt)l4. ( 1 ) 8ttri6H^x -y ^-y 

b?t> 0. ( 2 ) ^fi^ox-y^y^^Sctf^-x* 
u n yKS 4 0 1 < L/C i> , «SB4Stt 

<-x k fci^-xmgffltf >J y 'J 3 y k xhr^df s^r* 

[0 0 5 7] Hx 7 ftSli^li 
ffljjfU^'J3y«oiU?J:0i«<'CJ:^<D'C. i«rT« 
V)2 0 0 0*ynbn-A«1M> ^-xWH*' 
'Jv'Jnyi l<0TW£Saj$ivOV&. uW7f> 
^Wf. |a|B$£. a»blsV*-101«tifftIRl/ai 
«5^ya>«fl«60±«iM»*Sn.*. 30 

[00 58] ifcfc. B8£#«&LT3U??»j£iaPgfc 

J4. iiTttUHV/CVDittflikLTRWt*. * 
«££605r. Si 2 H6j£t3sccm, 1fi3fc<7>- 
WThh. jRSBfcttyyfcK-r (»ixi0 18 cm 
- 3 ) -tS. £<ob#. ^-xmffiffltfy^yny-frOtBL 
35^TiS*^3 Vi? *S«£fl|jfc*-«, v y 3 yri i^^ 

fc|6j*>oT n£a£R$aS i K3 5 - a#Jgj££ 
fit. 40 
[00 59]-*. yij3>3^^f4, fcitf. 3 

2tf>±. fcitf. Sv^wyf-»^'J3ySHhK6» 

6s*s tumnu^diLtin^tnmMm^s i is 

[0060] tfcfc. 09 £#!&LT3 m$$mz 

TiBC»&£3ftfc nM£l&P B S i 113 5 - a£K«£fc 
*ny Uo#Qyi4. p + S£*£ B i.vy:3y 1 1*>& 50 
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0 P'S^MSS i £3 5 - b k^l>. 

[0 061 ]&(;:. 01O£#88LT. ^-XJE&ftgtfg 

Stiot. Ittt^-X£jfti£t6. gtt^-XJf 3 4 
J47 0nm<0Jf?<9S «TC9SiJH42Jl 
*1. Jf<7>J?$#4 0 nm (#oy#5 X 1 0 
18 cm" 3 ) k. ^ItSifWOnml^nyA-'S 
X 1 0" c m-3 ) #*tr&„ £c9jfcg<7)g§. HftfcpSl 
£ttfiS i Jg 3 5 - b OfSBfcfc . pM b b 3 5 - c 
(£tf>£*g.F B 3 5-bk. 3 5 - c k ZSh 

[0062] it»«M7 Lfcg»C\ 3 4 
li. pS^teBlSiS3 5i:«)i!H-|.. LPCVD^fc: 
«k h W 3 ylKUSOl^i:^ttx.y ^-y £ oT 
IWP<«ifc:^y3yie{tJgA^^SfflSMl 7t:Jg«1- 
h. LPcvDfficio. a^aaro^y^ynyS:»2 

5 0 0^-y^ho-i.«IS$-t5. JEfc % 7*HJV 

^ 7 7 - 1 h 7 A x y ^- 1 j: x * y x y 3 y 

m-Ky^ynyi 83&gg«3*i6. mm. 
io3ox:. io&) ^tfVK xs-y^«fiffl^y^y 

3y*^. Kft'v-X 3 4 ®«K«* ; Eii^^T . n 
[0063] B\ZWiZ . ^xyN-^lc^S 0 0 O^y 

H 5 >f x -y f-fc: J: o Tx 5 -/ ^msffl^ y v y 3 y 1 
8. <-xSffi»jry>'y3yi l. 3W^^|§t«L 

^ r;k5x«7A-^^/\*y^. 7*M/y^hWt 

^-xy^k K7>fxv^kK«J:6^-xy^^h. 
tf. 01^^«^S*^J«Stt|,. 

[0064] <^fc. *mi<r>m 2 (rmfecrmmizn ^ 

• YyVi?X?tLXnpnWX:m\^mm*Wm- 

h. ^ miwieteo»sikiit<a*<^^(pn 

p) (m&£h^i>mwmx'hh» 

[ o o 6 5 1 0 1 m. *%m<r)m2m&Dimt%h 

7yy'X^W7^hJiL, 012&lf013{4-e 

^-fixai lcoA-A- ^wffiaatfB-B' mmmm 

fi^yny. x5-/^Sffifflny^^M3P. 

efflny^^Man. rjp^^ms^ny^^mp. 
[0 066] 01 2ti3v^T. ^yay««i<?)-«fc 

{4. n»SStf>a*S2. p*M*I#>&*«3#J>S. »0 
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want, mi 3££wc. te&nmum ( 1 o o ) 

Z<r)8£L&iJ t 10fr$>2 0Q- cmt*J>l.p- 

s^yayffigis-fflv^. %>*>hL. mmum^z 
-®izu. mummvmiz. n*mmm&m2m 

[0067] z<nwt>&?i.m<ri$m. RVM.tfy&x-mtf 

imLx^mgn^j^ymLvrnmiz. n-s<o 
smtz x -yxm. Ltzmttwmona xmim 5 *», 

(gi^M^y*) ioiag&£$*u -t^rtaBis/ya 

>iHfcIt6#>'iIg$*U>. 

[00 68] gl^M^yf-l 01t«J:-?TH*tutrtg? 

%tihWT<r>mnt. n-fflcoxe^v^ • S'Un 
>«4 H-TS^ n*la V 9 ?3\ § ffi LIB 

y3y£#2 0 0fcO! ! .$:. 

[0069] ^W^Uny«f*c2 00<7)±tC^y3yS! 

3. iftA^S/Uavfllfclllo. Rtf. 

y 1 1 <ortS£7>-i5««fc<i. HP 1 o 1 aggjfcSJvc 
us. ^co^pj&^^Kf^Jtw^o^jafi^yny 
shus i okhp i o 2&hh. 

[0070] HP 101 rtSScon-Stf0xtr^^^-v;p 

7 o±ttt. ni3 y 3 y • y/p 

V-"?AI1 3. &tf-£0±£«. «f*Geifflj£a>£>3: 

*«tfiyyay • ^v^^A^^-xt-eoiK 
#fe B B B sifc*^i,sisi4 : w(»rs. zzx-tm 

[0071] sm&i'V 3y - y/w^'?^^ 

ISfiS iKfc<0«^|gl 5*4H,T. ^-XfiSflp* 
SiHSft^Uavi lfci»UT^*. <-x«[«<7)± 

®mtixisvaymmi 7tzx->x. &mki/ 

yriy • f)V?-*7J>t&mi 5fcttWS*i"t^4. z 
OzsO ay&m 1 7iz£iXmfS&tit:mftSMz. x 

5 -v * waiw a is » a y 1 8#&6 . x $ ? 

fm&fc' y a y l 8*^<9 ngJFttftfiHSfcJ: o r x 
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V3y8nm2oiz£r>xmmztix^z>. *s.v?m 

millH 3 y . ^-xmSffl^tSAi' 'Jay. a 
□jOTBA3*iXvt&. <-xny^^hfflSPi04tc 

«iX*-y^ffl7;P5-'7A^Sfii21-a^ HP1 
0 2fcte<-XJBT/l'$-?iv&&S&21-ba*. 3 
^?3y^? MBHP 1 0 3fctta w^JHTA'S- 

•7 &-&&mm 2 1 - c iffl&£tix^& . 

[ 0 0 7 2 ] iJCfc. ±S£lgtC:fctt&8»rffi0£fflU 

io x. mLtzm2mm<mmiz®&!mfc&wt:sm 
•?&xm£pmizmw-t&. ai4t:tjuT. uiLt: 
m i mmmmt mmiz. < 1 o o ) isas* 1 

ffi$i%10K2 0Q- cmtibSp-ly'Jny 

[0073] y a yiHfc§?££fflRfcfe L*r&(c. 

a^^rSCJ:-5Tn-M^y3yxtf^^^;^4 
*Bf&th . ZZXIi. 2X1016 C m-3JJlT<omS«0 
#0. 5umX'h-yt:. 
20 [0074] <JCfc^l«HSS^®i:^«C 

iffi^Tb*). ZZXii. &6 0 00*y7Xhu-J>. 

[0075] HI 5tfcV^T. 

Jt*ttK9-f xyf-y^S (^•JayMflU-yf' 
30 y/-y'j3y i7fy/) . ^<^*. IsiSXh?) 
^W^<r>^)ziymm. tt?*i'x>Vi'Vaym 
AifrLv+yyztix. HP l o i*5»«$ns. 

[0076] Bl6(CtS*vt. K^tTS. ^ 

y 3>o»fljs«aef±^E!HnistSc#tt^*LTv^ 

^^TJ±, IHpi o \ <rm&i.zify3 00*yyxv 
u-J±<7)isVaymcmm®£tih3kfrtLtz. Zff) 

hp i o lcosiiswi. 'MLmmtmimtfLZix 

6. ^i-C. HP10 1<^«!St»l£^^l.>'y3yK 

fl^Ji^ji. moxmxmm-^o^y ■ 
40 -7Aiii 3<»imtmw%<r>m% t^x^^mm 
■rs. 

[0077] Hi7tct>^T. M2rttK5>r 
• x»/f-y^t:J:oT, HP1 0 10JgEfe:*S^y3 

ymm£%£izm;t&. mz. z<KLv+y?<rm 
iz^v^y&mM&Mfflnmitm&i&tLX Ltoco 
X\ Zcom&MHii&W-coi'Vay x y^y^tc 

[00 78] 018fcfcUT, iS^ftttTJiLPC 

50 x&vmv/cvDmzmtixwm-z. mmame 



1 9 

05*C. SiiH6SE*3sccm, CIjMMO. 03 
sec mi&kfr<r)--MT$>2> . 'J V* V-Ttlfz^ 

i§ga\ #1x1 o i9 cm-3t^^tts. mni 

[0079] El 9-Cte. UHV/CVDft 
£0»fc LTittHfTS. ffi£&S605T:. SijHsSEfi: 
3sccnu C l2?gM0. 03sccm?:fflWM 
mtTbh. fcrtfU Vyvfflgtf. *!)lxiO I8 cm 

[0 0 8 0] H2 0(C&t>Yt« UHV/CV 
D&£fflWt. mffi&me 0 5"C. Si2H6S»3sc 
cm, Ge H4 3LH2 seem, C l2j£ftO. 03 sc 

c m»iflv^i»tR tx-hi . fc*f u 'J y^iis* 1 . 

#lxi 0 18 cm-3 k%h&m>Ptl2<r)m£kt&. 

^O-f^fctea^lii^^tTLtd^-C. (MX 
tf. 02 1 -C) SifcWfcSSflJJfc LT\ 
T. mtf. 2 0 0^-y^Xho-AmT^mLV^ 
iOff^JKf JlffiKfiA^TGejgg 
£&*fcJJ^tf6«£To7r>r/Pka£U\ 
[0 081] 02 1 tfcWC, ^U3^0CMPft« 
fcloTfaSSTfflflrt-*. 02 2£5jrtJ:d 

«K8. *«WM"4. *l<omtWr«4. id-CKfcL 
fc#, SiGe^||«i-«fclWfcS*l*V^T. 51* 
g»« ±1\ ^'JayKflJgl 0TS5. 

SStLTtt, 1 0 005r>i/Xho-A~3 0 0 0JT 

j'* r xhn-A2«3"C*'K -r-rrii. 2ooo^y 
^xho-A-cfc-ofc. ci^-c. HPioiortj^fc-c 

**tt. i/yay|Wffl|10tc«SM(«tt4«», 0BLL 
1MUI 1 0 fcli. ffl^7 * h y y /57 -f -izX ->X 

[0082] -r^r*>*». y >ztmx.m%- lOOK 

eV. H-X»5xl0 15 cm-2<7^frT-f*yaAt- 

& . 7 * h i/yx Mfc£gL ftAStifc y ycoiStt-fks. 

^*>ftWR»Ha««:»ft:. WtLt. 9 00 
•C. 5 ^g^#H^«f "CRT 5 / JjLhicJ: 0 

s^y 3 vwb2 0 o fts. 
[0083] XVisV^yzmmtt. zzx* 
\t25 0 0*y?xvn-J»X'h~>tz. ro^yv-yn 
yfcfcL Tjiny&J *>&X-th. ZZXli. lOKe 
V. lXlO l6 cm-2fi)-57t. %£7*M'§*XMt 

^'jay*!**?*. ^8£UC02 3fc^-J:3 

(c. p^M^-xsefla^y^ynyi lJt^^n 
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£*t£<9£ffi£m 5 0 0*y^xhu-A<o&Jf 
OLPCVDS^yaygrtJgi 3tt 
07 * h y y 7 -r - 1 must k 9 -f x - y -hc* ~> 
x. > t J^>mimi2t. K-xwsm&vwzy 

[0 084] 024t^J:3fc, 'J a ygfljg 1 2 

omit:®, mm. m&YJix.vi-yymz 

10 ft. x?*/^?**. ^yayMSfcRiofsajS-fr 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section of the semiconductor device used as the 1st example. 
[Drawing 2] It is drawing of longitudinal section of the phase where the silicon front face of the bottom 
of opening 101 was removed. 

[Drawing 3] It is drawing of longitudinal section of the phase of the alternative crystal growth of n+ 
mold silicon. 

[Drawing 4] It is drawing of longitudinal section of the phase of the alternative crystal growth of n mold 
silicon. 

[Drawing 5] It is drawing of longitudinal section of the phase of n mold silicon flattening. 

[Drawing 6] It is drawing of longitudinal section of the phase which formed the side attachment wall of 

a silicon nitride in opening in which the base and an emitter are formed. 

[Drawing 7] It is drawing of longitudinal section of the phase in front of base formation. 

[Drawing 8] It is drawing of longitudinal section of a collector formation phase. 

[Drawing 9] It is drawing of longitudinal section of a collector formation phase. 

[Drawing 10] It is drawing of longitudinal section of a base formation phase. 

[Drawing 11] It is the top view of the semiconductor device concerning the gestalt of operation of the 
2nd of this invention, and the layout of a vertical mold npn bipolar transistor is shown. 
[Drawing 12] It is the A-A f line sectional view of drawing 1 1 . 
[Drawing 13] It is the B-B' line sectional view of drawing 1 1 . 

[Drawing 14] It is drawing of longitudinal section of the phase where the localized-oxidation-of-silicon 
oxide film was formed. 

[Drawing 15] It is drawing of longitudinal section of the phase where silicon was etched. 
[Drawing 16] It is drawing of longitudinal section of the phase where the silicon front face oxidized. 
[Drawing 17] It is drawing of longitudinal section of the phase where the silicon front face oxidized. 
[Drawing 18] It is drawing of longitudinal section of the phase of the alternative crystal growth of n+ 
mold silicon. 

[Drawing 19] It is drawing of longitudinal section of the phase of the alternative crystal growth of n 
mold silicon. 

[Drawing 20] It is drawing of longitudinal section of the phase of the alternative crystal growth of n 
mold silicon germanium. 

[Drawing 21] It is drawing of longitudinal section of the phase of flattening of n mold silicon 
germanium. 

[Drawing 22] It is drawing of longitudinal section of a collector drawer field formation phase. 
[Drawing 23] It is drawing of longitudinal section of a collector drawer field formation phase. 
[Drawing 24] It is drawing of longitudinal section of the phase which formed the side attachment wall of 
a silicon nitride in opening. 

[Drawing 25] It is drawing of longitudinal section of the phase in front of base formation. 
[Drawing 26] It is drawing of longitudinal section of a collector formation phase. 
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[Drawing 27] It is drawing of longitudinal section of a base formation phase. 

[Drawing 28] It is drawing of longitudinal section of a base formation phase. 

[Drawing 29] It is drawing of longitudinal section of an emitter formation phase. 

[Drawing 30] It is drawing of longitudinal section of the semiconductor device concerning the gestalt of 

operation of the 3rd of this invention. 

[Drawing 31] It is drawing having shown the Lynn concentration directly under an emitter for the rate of 
an excellent article and junction capacitance of a semiconductor device by this invention as a variable. 
[Drawing 32] It is drawing of longitudinal section concerning the gestalt of 1 operation of the 
conventional semiconductor device. 

[Drawing 33] It is drawing of longitudinal section concerning the gestalt of other operations of the 
conventional semiconductor device. 

[Drawing 34] It is drawing having shown the ion-implantation dose of Lynn for the rate of an excellent 
article of the semiconductor device shown in drawing 31 as a variable. 

[Drawing 35] It is drawing of the junction capacitance of the semiconductor device shown in drawing 
32. 

[Description of Notations] 

1 P-Mold Silicon Substrate 

2 N+ Mold Embedding Layer 

3 P+ Mold Embedding Layer for Channel Stoppers 

4 N-Mold Single Crystal Silicon (= N-Mold Single Crystal Silicon for Collectors) 

5 Localized-Oxidation-of-Silicon Oxide Film 

6 Silicon Oxide inside Trench Slot 

7 N Mold Single-Crystal-Silicon Germanium Alloy Film 

8 Single-Crystal-Silicon Field for N+ Mold Collector Drawers 

9 N Mold Single-Crystal-Silicon Film 

10 Silicon Oxide 

1 1 P+ Mold Polycrystalline Silicon for Base Electrodes 

12 Silicon Nitride 

13 Single-Crystal-Silicon Germanium Layer for N Mold Collectors 

14 Intrinsic Base Layer 

15 Polycrystalline Silicon Germanium Alloy Film 

17 Silicon Oxide 

18 Polycrystalline Silicon for Emitter Electrodes 

19 N+ Mold Single Crystal Si Emitter Region 

20 Silicon Oxide 

21 -a The aluminium alloy electrode for emitters 
21-b The aluminium alloy electrode for the bases 
21-c The aluminium alloy electrode for collectors 

3 1 N+ Mold Single-Crystal-Silicon Layer 

32 N Mold Single-Crystal-Silicon Layer 

33 N Mold Single-Crystal-Silicon Layer 

34 P Mold Single-Crystal-Silicon Layer (= Base) 

35 P Mold Polycrystalline Silicon Layer 

36 N+ Mold Single-Crystal-Silicon Layer (= Emitter) 
100,200 Silicon base 

101,102,103,104 Opening 



[Translation done.] 
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